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Abstract 

Background: In many healthcare systems, people with severe joint disease wait months to years for joint replacement 
surgery. There are little empirical data on the health consequences of this delay and it is unclear whether people with 
substantial morbidity at entry to the waiting list continue to deteriorate further while awaiting surgery. This study 
investigated changes in Health-Related Quality of Life (HRQoL), health status and psychological distress among people 
waiting for total hip (THR) and knee replacement (TKR) surgery at a major metropolitan Australian public hospital. 

Methods: 134 patients completed questionnaires including the Assessment of Quality of Life (AQoL) instrument, 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and Kessler Psychological Distress Scale 
after entering an orthopaedic waiting list (baseline) and before surgery (preadmission). To quantify potential 
decline in wellbeing, we calculated the proportion of people experiencing clinically important deterioration using 
published guidelines and compared HRQoL and psychological distress outcomes with population norms. 

Results: Most participants (69%) waited >6 months for surgery (median 286 days, IQR 169-375 days). Despite poor 
physical and psychological wellbeing at baseline, there was an overall deterioration in HRQoL during the waiting period 
(mean AQoL change -0.04, 95%CI -0.08 to -0.01), with 53% of participants experiencing decline in HRQoL (>0.04 AQoL 
units). HRQoL prior to surgery remained substantially lower than Australian population norms (mean sample AQoL 0.37, 
95%CI 0.33 to 0.42 vs mean population AQoL 0.83, 95%CI 0.82 to 0.84). Twenty-five per cent of participants showed 
decline in health status (>9.6 WOMAC units) over the waiting period and prevalence of high psychological distress 
remained high at preadmission (RR 3.5, 95%CI 2.8 to 4.5). Most participants considered their pain (84%), fatigue (76%), 
quality of life (73%) and confidence in managing their health (55%) had worsened while waiting for surgery. 

Conclusions: Despite substantial initial morbidity, over half of the participants awaiting joint replacement 
experienced deterioration in HRQoL during the waiting period. These data provide much-needed evidence to 
guide health professionals and policymakers in the design of care pathways and resource allocation for people 
who require joint replacement surgery. 



Background 

As in many developed countries, demand for joint repla- 
cement surgery in Australia has grown rapidly. The 
number of joint replacements performed has doubled 
over the past 12 years [1] and further increases are 
expected in light of the ageing population and increasing 
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risk factors for osteoarthritis [2], A mismatch between 
demand for surgery and service provision has resulted 
in lengthy waiting lists for primary total hip (THR) and 
knee replacement (TKR) in the Australian public hospi- 
tal system [3], representing a major public health and 
political issue unlikely to abate in the near future. Simi- 
lar situations exist in other countries including Canada 
[4] and the United Kingdom (UK) [5]. 

Our earlier research showed that people entering an 
Australian orthopaedic waiting list for joint replacement 
had severely compromised Health-Related Quality of 
Life (HRQoL) and higher levels of psychological distress 
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compared with the general population [6]. More 
recently, poor HRQoL has also been reported in a 
cross-sectional study of Canadian patients entering a 
waiting list for TKR [7]. However, it is unclear whether 
people with substantial morbidity at entry to the waiting 
list continue to deteriorate further while awaiting sur- 
gery. Further decline could potentially result from 
increasing joint disease severity over time and the asso- 
ciated difficulty in maintaining activity levels, employ- 
ment and family and community roles. Although a 
range of studies have prospectively evaluated changes in 
the health status of people waiting for joint replacement 
[8-13], results have been conflicting and average waiting 
times relatively short (range 2-6 months). Hoogeboom 
et al [14] were unable to perform a meta-analysis due to 
the heterogeneity of studies in this field but their pub- 
lished 'qualitative data analysis' concluded that neither 
pain (for people awaiting THR or TKR) nor function 
(for people awaiting THR) deteriorated when waiting 
less than 6 months for surgery. The effect of waiting 
longer than 6 months could not be determined. Indeed, 
little research has been conducted into the impact of 
longer waiting times for joint replacement on patient 
wellbeing. A Swedish study found that people waiting, 
on average, 8 months for THR experienced significant 
deterioration in HRQoL although changes in pain and 
function over the waiting period are unclear as these 
analyses were not specifically reported [15]. Research 
from the UK involving people waiting for THR or TKR 
revealed small fluctuations in pain and physical function 
over the waiting period although less than 50% of parti- 
cipants were available for follow-up after 6 months of 
waiting and only 23% were available at the 9-month 
time point [16]. Most recently, Desmeules et al [13] 
reported deterioration in pain and physical function 
among people waiting more than 9 months for TKR in 
Canada; however, as data were only reported for 3 of 
the 8 Medical Outcomes Study Short Form Health Sur- 
vey (SF-36) dimensions it is difficult to evaluate change 
in overall HRQoL. 

As pre-operative wellbeing is an important predictor 
of joint replacement outcomes [9,17,18], knowledge of 
changes in health status represents valuable information 
for patients, clinicians and health policy makers and 
offers potential avenues for future interventions. To 
inform clinical practice and health policy, this study 
investigated changes in key indicators of wellbeing 
(HRQoL, health status, psychological distress and self- 
perceived change) among people awaiting THR or TKR. 

Methods 

Participants 

This study comprised a cohort of patients awaiting joint 
replacement at the Royal Melbourne Hospital, Victoria, 



Australia (a large metropolitan public teaching hospital). 
Patients entered the orthopaedic waiting list following 
referral from a general practitioner and consultation 
with an orthopaedic surgeon. The study recruitment 
procedures have been described previously [6]; all 
patients on the waiting list for unilateral primary THR 
or TKR as of December 2002 were contacted about the 
study. Furthermore, from December 2002 to June 2005, 
all patients sequentially added to the waiting list were 
contacted within one week. No sample size target was 
specified a priori. Patients were eligible to participate if 
aged over 18 years, awaiting unilateral primary THR or 
TKR and fluent in English. Exclusion criteria included 
overt evidence of cognitive dysfunction, surgery sched- 
uled within 30 days or severe medical illness precluding 
participation. The study was approved by the Melbourne 
Health Human Research Ethics Committee. All data col- 
lection was undertaken from 2002 to 2005. 

Eligible patients who provided verbal consent were 
mailed a consent form and baseline questionnaire (base- 
line assessment). A preadmission questionnaire was 
mailed once a preadmission clinic appointment had 
been scheduled, generally 2-6 weeks before surgery (pre- 
admission assessment). Missing data were followed-up 
by telephone or mail, where possible. Baseline data were 
collected from 328 participants; however, similar to pre- 
vious research in this field [12], a considerable number 
of participants were not available for follow-up. This 
was predominantly due to participants having not been 
scheduled for surgery by the end of the 2.5 year data 
collection period (Figure 1). This paper reports 134 par- 
ticipants who completed baseline and preadmission 
assessments. 

Questionnaires 

HRQoL was assessed using the 12-item generic Assess- 
ment of Quality of Life (AQoL) instrument [19]. The 
AQoL has good psychometric properties and is more 
responsive than other widely-used generic scales, includ- 
ing the SF-36 [20,21]. It produces a utility value ranging 
from -0.04 (worst HRQoL) to 1.00 (full HRQoL). 

The Western Ontario and McMaster Universities 
Osteoarthritis (WOMAC) Index is an osteoarthritis-specific 
health status instrument; its validity, reliability and respon- 
siveness have been extensively demonstrated [22]. The 
WOMAC consists of 24 questions and produces a total 
score which was transformed to a 0 (best health state) to 
100 (worst health state) scale. 

The Kessler Psychological Distress Scale (K10) is used 
in Australian population health surveys and the World 
Health Organisation World Mental Health Survey [23]. 
The K10 consists of 10 questions and produces a score 
ranging from 10 (lowest psychological distress) to 50 
(highest psychological distress). High K10 scores are 
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Entered orthopaedic waiting list 
877 



Unable to contact 



Able to be contacted 
811 



Ineligible 
288 language difficulties 
33 not waiting for primary THR/TKR 
at study hospital 
15 severe illness precluding 
participation 
5 surgery <30 days 
5 did not meet age requirements 
3 diagnosis known to be other than 
arthritis 
2 overseas 
1 cognitive impairment 
352 




Declined to participate 
73 



Did not return baseline 
questionnaire 
58 



Returned baseline questionnaire 
328 



1 1 5 remained on waiting list 
15 recruited into other studies 
15 received surgery elsewhere 
8 no longer on waiting list 
2 revoked consent 
1 died 
156 



Allocated preadmission and/or 
surgery dates 
172 



Missed follow-up due 
to staff absence or 
database setup 
20 



Did not return 
preadmission 
questionnaire 
18 



Returned preadmission 
questionnaire and available 
for analysis 
134 



Figure 1 Participant numbers 



strong predictors of affective disorders such as depres- 
sion and anxiety [24]. 

Demographic information including education, marital 
status and employment status and past medical history 
were collected at baseline. Additional information 
extracted from patient records included date of birth, 
date of entry to the waiting list, preadmission clinic and 
surgery dates and surgery type. At preadmission, partici- 
pants were also asked to rate their self-perceived change 
(if any) in pain, fatigue, overall quality of life, overall 
health and confidence in managing their health since 
entering the waiting list. Self-perceived change was 
assessed on a 7-point scale ranging from 'a great deal 
worse' to 'a great deal better'. 

Statistical analyses 

Analyses were undertaken using Statistical Package for 
the Social Sciences (SPSS) Version 14.0. Questionnaire 
scores were calculated according to published algo- 
rithms [24-26]. Missing values were imputed using the 
mean values of the remaining items, provided that a suf- 
ficient proportion of remaining items were available, as 
specified by the scoring guidelines for each measure. 
Mann Whitney, chi square and unpaired t-tests were 
used to compare demographic and baseline data from 



participants who completed baseline and preadmission 
questionnaires with those who provided baseline data 
only. Changes in HRQoL, health status and psychologi- 
cal distress from baseline to preadmission were exam- 
ined using paired t-tests. Effect sizes were used to 
estimate the magnitude of overall change (calculated by 
dividing the change score for each measure by the base- 
line standard deviation) [27]. Self-perceived change data 
were analysed descriptively. 

The proportion of people who experienced clinically 
important change in HRQoL and health status was calcu- 
lated according to published data for the AQoL and 
WOMAC instruments. Clinically important deterioration 
in HRQoL was defined as a decrease of >0.04 AQoL 
units and improvement as an increase of >0.04 AQoL 
units [28]. Clinically important deterioration in health 
status was defined as an increase of >9.6 WOMAC units 
and improvement as a decrease of >8.2 WOMAC units 
[29]. The relationship between baseline status and cate- 
gory of clinically important change for the AQoL and 
WOMAC measures was investigated using analysis of 
covariance, with adjustment for age and gender. Separate 
analyses for THR and TKR were not undertaken due to 
the limited sample size. The potential contribution of 
regression to the mean (RTM) was evaluated by repeating 
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the paired t-test analyses after excluding extreme baseline 
scores (the top 5% and the bottom 5% of baseline scores 
for each measure). RTM is a statistical phenomenon 
which may occur with repeated measurements, where 
extreme measures obtained at the first time point are 
likely to be closer to the sample mean on subsequent 
testing due to random error [30] . This is particularly rele- 
vant for the present study which involves participants 
with very poor wellbeing at baseline (as only those with 
severe joint disease enter the orthopaedic waiting list). 
Although a definitive test is not available, the exclusion 
of extreme scores was used as scores at the upper and 
lower limits of a scale are theoretically most susceptible 
to RTM [30]. 

Baseline and preadmission K10 scores were cate- 
gorised into levels of psychological distress according to 
published definitions [31] and compared with data from 
the Victorian Population Health Survey [32]. Relative 
risk (RR) for presence of high/very high psychological 
distress (K10 >22) compared with population levels was 
calculated using Confidence Interval Analysis software 
(Version 2.0.0) [33]. 

Results 

Comparison of demographic and baseline data 

Table 1 shows that participants who completed baseline 
and preadmission questionnaires (n = 134) were similar 
to those who completed a baseline questionnaire only (n 
= 194) across a range of demographic and baseline char- 
acteristics. This suggests that the sample can be consid- 
ered broadly representative of our overall cohort at 
baseline. 

Demographics and waiting times 

Demographic data for the study sample are presented in 
Table 1. The median (IQR) time from entry to the wait- 
ing list to surgery was 286 (169-375) days (range 43- 
1069 days). Twenty-five per cent of participants waited 
less than 6 months for surgery (n = 33), 43% (n = 57) 
waited 6-12 months and 26% (n = 35) waited more than 
12 months. Waiting time data were not available for 9 
participants (7%). The median (IQR) time between base- 
line and preadmission questionnaires was 165 (84-268) 
days, with preadmission questionnaires completed, on 
average, 1 month before surgery (median 30 days, IQR 
18-49 days). 

Seventy-eight per cent of participants {n = 104) had 
self-reported osteoarthritis and 18% (« = 24) reported 
rheumatoid arthritis. Other concurrent musculoskeletal 
conditions included back pain (n = 59, 44%), osteoporosis 
(« = 18, 13%), gout (n = 9, 7%) and fibromyalgia (n = 1, 
<1%). Twenty per cent (« = 27) had received a previous 
joint replacement. Using a checklist of 6 common condi- 
tions, 40% of participants (n = 53) had hypertension, 13% 



(« = 18) had diabetes, 13% (n = 17) had coronary artery 
disease, 12% (n = 16) had asthma, 11% (n = 15) had anxi- 
ety or depression and 4% (« = 5) had cancer. 

Changes in wellbeing from baseline to preadmission 

Table 2 shows that there was a clinically important 
decline in HRQoL from baseline to preadmission. 
Although the effect size for deterioration in HRQoL was 
small, from a clinical perspective, this represents 22% of 
the magnitude of change in HRQoL 3 months after THR 
or TKR (effect size 0.86) [34]. Preadmission HRQoL for 
the combined sample (THR and TKR) was extremely 
poor when compared with Australian population norms 
(mean preadmission AQoL score 0.37, 95%CI 0.33 to 
0.42 versus mean population AQoL score 0.83, 95%CI 
0.82 to 0.84) [28]. Separate analyses by operation type 
(THR or TKR) revealed that participants awaiting THR 
experienced a decline in HRQoL (Table 2). The magni- 
tude of this effect size represents almost one-third of the 
change in HRQoL from joint replacement [34]. On aver- 
age, participants awaiting TKR experienced little change 
in HRQoL (Table 2). 

While the combined sample demonstrated poor health 
status at baseline, there was little overall change in 
WOMAC score over the waiting period. Similarly, there 
was minimal overall change in psychological distress 
from baseline to preadmission. Separate analysis of THR 
and TKR data produced similar results (Table 2). 

Missing item responses were infrequent for the AQoL 
(2% of items at baseline; 1% of items at preadmission), 
WOMAC (3% at baseline; 4% at preadmission) and K10 
(0% at baseline; <1% at preadmission) instruments. 

Proportion of participants who experienced clinically 
important change 

Table 3 shows the variability in wellbeing over the wait- 
ing period. A substantial proportion of the combined 
sample (53%) experienced a clinically important decline 
in HRQoL while awaiting surgery (56% for THR; 50% 
for TKR). Conversely, 29% experienced clinically impor- 
tant improvement in HRQoL (25% for THR; 33% for 
TKR) while 18% had no change (19% for THR; 17% for 
TKR). 

Twenty-five per cent of participants had a clinically 
important deterioration in health status (26% for THR; 
24% for TKR), 24% experienced clinically important 
improvement (23% for THR; 24% for TKR) and 51% 
had no change in health status (51% for THR; 52% for 
TKR). 

Sensitivity analysis 

After adjusting for age and gender, participants who 
experienced a clinically important decline in HRQoL 
had the highest HRQoL at baseline, while those who 
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Table 1 Comparison of demographic and baseline characteristics 



Characteristic 



Baseline and preadmission data 
(n = 134*) 



Baseline data only 
(n = 194*) 



Age in years: median (IQR) 

Female: number (%) 

Waiting for TKR: number (%) 

Married or living with partner: number (%) 

Highest educational level completed: number {%) 

Primary school or less 

Years 7-10 

Years 11-12 

Trade/technical/university 
Employment status: number (%) 

Retired/receiving aged pension 

Not in paid work 

Paid work 
Income: number {%) 

<$AUD 10,000 

$AUD 10,000 - 19,999 

$AUD 20,000 and over 
Number of co-morbidities: median (IQR) 
Baseline AQoL score: mean (SD) 
Baseline WOMAC score: mean (SD) 
Baseline K10 score: median (IQR) 



67 (61-75) 
79 (59) 
69 (52) 
85 (64) 

41 (31) 
51 (39) 
25 (19) 
15 (11) 

92 (70) 
28 (21) 
11 (8) 

17 (18) 
46 (49) 
31 (33) 
1 (0-2) 

042 (0.23) 
59.8 (18.4) 

3.0 (14.0-25.0) 



68 (61-75) 
1 08 (56) 
110 (57) 
114 (59) 

52 (27) 
77 (40) 

31 (16) 

32 (17) 

141 (73) 
29 (15) 
23 (12) 

37 (24) 
68 (44) 
48 (31) 

1 (0-2) 
0.39 (0.26) 
58.8 (18.5) 
19.0 (14.0-27.0) 



0.87* 
0.56* 
0.35* 
0.35* 
0.50* 



0.25* 



0.52* 



0.36* 
0.35* 
0.64* 
0.52* 



*Numbers for each characteristic may not total 134 or 194, respectively, due to missing responses. 
*Mann Whitney test. 
*Chi square test. 
"Unpaired t-test. 



had a clinically important improvement in HRQoL 
reported the lowest HRQoL at baseline (mean (SD) 
baseline AQoL score 0.47 (0.19) versus 0.35 (0.22); F = 
3.54, p = 0.03). As a similar pattern was seen for health 



status (mean (SD) baseline WOMAC score 46.9 (16.5) 
versus 70.3 (19.5); F = 14.32, p < 0.01), it is possible that 
these findings may be partly related to RTM. After 
excluding extreme baseline scores and repeating the 



Table 2 Change in Health-Related Quality of Life, health status and psychological distress 






Baseline 


Preadmission 




Change 


Effect size* 


p** 


Construct* 


n* 


Mean 


SD 


Mean 


SD 


Mean* 


95% CI 






Health-Related Quality of Life (AQoL) 




















Overall sample 


127 


0.42 


0.22 


0.37 


0.25 


-0.04 


-0.08 to -0.01 


-0.19 


0.02 


Total hip replacement 


63 


0.42 


0.23 


0.36 


0.24 


-0.06 


-0.11 to -0.02 


-0.27 


0.01 


Total knee replacement 


64 


0.41 


0.22 


0.39 


0.26 


-0.02 


-0.08 to 0.03 


-0.10 


0.39 


Health status (WOMAC) 




















Overall sample 


119 


59.7 


18.6 


61.3 


18.0 


1.5 


-1.1 to 4.2 


-0.08 


0.26 


Total hip replacement 


61 


60.5 


20.5 


62.1 


18.6 


1.7 


-1.9 to 5.2 


-0.08 


0.35 


Total knee replacement 


58 


59.0 


16.5 


60.3 


17.4 


1/1 


-2.7 to 5.4 


-0.08 


0.50 


Psychological distress (K10) 




















Overall sample 


132 


20.2 


7.7 


20.7 


8.0 


0.5 


-0.4 to 1 .4 


-0.07 


0.25 


Total hip replacement 


65 


19.7 


7.9 


20.2 


8.0 


0.5 


-0.9 to 1 .9 


-0.06 


0.50 


Total knee replacement 


67 


20.7 


7.6 


21.3 


8.0 


0.5 


-0.6 to 1 .7 


-0.07 


0.33 



*AQol_ range: -0.04 (worst HRQoL) to 1.00 (full HRQoL); WOMAC range: 0 (best health state) to 100 (worst health state); K10 range: 10 (lowest psychological 
distress) to 50 (highest psychological distress). 

*Number of participants with complete baseline and preadmission data for each measure; does not total 134 due to missing data. 
"Negative change score indicates deterioration for AQoL; positive change score indicates deterioration for WOMAC and K10. 
f Negative effect size indicates deterioration. 



Paired t-test. 
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Table 3 Proportion of participants reporting clinically important change 


Construct 


Category 










Decline* n (%) 


No change n (%) 




Improvement* n (%) 


Health-Related Quality of Life (AQoL) 












Overall sample 67 (53) 


23 (18) 






37 (29) 




Total hip replacement 35 (56) 


12 (19) 






16 (25) 




Total knee replacement 32 (50) 


11 (17) 






21 (33) 




Health status (WOMAC Index) 












Overall sample 30 (25) 


61 (51) 






28 (24) 




Total hip replacement 16 (26) 


31 (51) 






14 (23) 




Total knee replacement 14 (24) 


30 (52) 






14 (24) 




'Decrease of >0.04 units for AQoL instrument; increase of >9.6 units for WOMAC Index. 










increase of >0.04 units for AQoL; decrease of >8.2 units for WOMAC Index. 












paired t-test analyses, the magnitude or baseline to pre- 


than Australian population norms [28] and the 


preva- 


admission change was found to be the same or larger 


lence of high psychological dist 


ress 


remained higher 


than tor the original analyses (ettect size -0.26 tor 


than for the general population. In general, participants 


AQoL, -0.14 for WOMAC and -0.07 for K10). This sug- 


perceived their pain, fatigue, quality of life, overall health 


gests that the effect ot KIM was likely to be minimal 


and confidence in managing 


their health had worsened 


1,1 i • i l /, ill \ llil 

and that it may have (to a small degree) masked the 


while waiting. These findings 


are 


concerning given that 


i • i i r i i'ii ■ * i 

true magnitude ot change during the waiting period. 


pre-operative wellbeing is a strong 


; predictor of outcome 


A J J * j_ ' 11 , 1 1 , 1 

Additionally, as the sample reported, on average, very 


after joint replacement surgery [18,35,36]. 




T T T\ /" Til 1* ■ 1 i PC I C T» T' 1 X 1 11 

poor HRQoL at baseline, the net effect of RTM should 


It is unclear why people awaiting THR reported, on 


have produced an overall trend towards improvement in 


average, greater deterioration in 


HRQoL than 


people 


HRQoL; in contrast, HRQoL deteriorated significantly 












from baseline to preadmission. 












Table 4 Self-perceived change 


in wellbeing 




Risk of psychological distress 


Construct 


Worse* 


No change 


Better* 


For the combined sample, high or very high psychologi- 




n 


%' 


n % f 


n % f 


cal distress remained more prevalent compared with the 


Pain 










general population at preadmission (RR 3.5, 95%CI 2.8 


Overall sample 


112 


85 


15 11 


5 4 


to 4.5). Relative risk (95%CI) was 3.4 (2.4 to 4.8) for par- 


Total hip replacement 


59 


92 


5 8 


0 0 


ticipants awaiting THR and 3.7 (2.7 to 5.1) for partici- 


Total knee replacement 


53 


78 


10 15 


5 7 


pants awaiting TKR. 


Fatigue 












Overall sample 


100 


76 


27 21 


5 4 


Self-perceived change in wellbeing 


Total hip replacement 


49 


77 


14 22 


1 2 


Table 4 shows that most participants perceived that 


Total knee replacement 


51 


75 


13 19 


4 6 


their pain, fatigue, overall quality of life, overall health 


Overall quality of life 










and confidence in managing their health had worsened 


Overall sample 


96 


73 


30 23 


6 5 


since entering the waiting list. At the extreme end of 


Total hip replacement 


48 


76 


14 22 


1 2 


the scale, over one-third (36%) considered their pain 


Total knee replacement 


48 


70 


16 23 


5 7 


was 'a great deal worse'; while 17% reported their overall 


Overall health 










quality of life was 'a great deal worse'. Separate analysis 


Overall sample 


72 


55 


49 37 


10 8 


by operation type (THR or TKR) produced similar 


Total hip replacement 


34 


54 


26 41 


3 5 


results, although a greater proportion of participants 


Total knee replacement 


38 


56 


23 34 


7 10 


awaiting THR considered their overall quality of life was 


Confidence in managing one's health 










'a great deal worse' (24% versus 10% for TKR). 


Overall sample 


74 


56 


46 35 


13 10 




Total hip replacement 


37 


58 


20 31 


7 11 


Discussion 


Total knee replacement 


37 


54 


26 38 


6 9 



This Study demonstrates that despite substantial initial 'Combines 'A great deal worse', 'Moderately worse' and 'A little worse' 

morbidity, 53% of people awaiting joint replacement categories. 

f Combines 'A little better', 'Moderately better' and 'A great deal better' 

experienced deterioration in HRQoL over the waiting categories. 

period. Life quality before surgery was markedly lower f May not total ioo% due to rounding. 
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waiting for TKR. This finding was also supported by the 
self-perceived change data. Possible contributing factors 
such as age and number of co-morbidities were similar 
for both groups (data not shown) and people awaiting 
TKR had a longer median waiting time (309 days for 
TKR versus 243 days for THR). Deterioration in HRQoL 
has also been reported in people awaiting THR in the 
Netherlands [9] and Sweden [15] using a different 
HRQoL utility measure, the EQ-5D. Other studies have 
investigated HRQoL in people awaiting joint replace- 
ment but cannot be directly compared with our find- 
ings. In one, utility scores for the EQ-5D were not 
reported and as deterioration was observed in only one 
of five EQ-5D dimensions [10], it is unlikely that this 
would result in HRQoL decline. Hirvonen et al [11] did 
not observe a change in HRQoL (assessed using the 
15D utility instrument) among people awaiting THR or 
TKR in Finland, although most participants (71%) 
waited 3 months or less, which is considerably shorter 
than in Australia, Canada and the United Kingdom. 
Using the SF-36 instrument, McHugh et al [16] found 
little change in HRQoL among people waiting for THR 
and TKR, although these data were not analysed sepa- 
rately. Most recently, Desmeules et al [13] also assessed 
HRQoL in people waiting for TKR but only reported 
change data for 3 of the SF-36 dimensions. 

The finding of significant deterioration in HRQoL 
without a corresponding change in health status or psy- 
chological distress scores does appear to be counter- 
intuitive. However, for both the WOMAC and K10 
measures, there was an overall trend towards deteriora- 
tion from baseline to preadmission although the magni- 
tude of change was small and unlikely to be clinically 
relevant (effect sizes -0.08 and -0.07, respectively). As a 
generic measure of HRQoL, the AQoL instrument pro- 
vides different information to that obtained from the 
other instruments and this may partly explain our find- 
ings. For example, the AQoL incorporates a number of 
constructs relating to physical functioning that are not 
assessed by the WOMAC but that may be impacted by 
severe joint disease, such as the level of assistance 
required for personal care and household tasks. Simi- 
larly, it also covers areas relating to psychosocial well- 
being which are not included in the K10, such as 
relationships with others (as affected by health), social 
isolation, the capacity to undertake one's role within the 
family and the ability to sleep. Although the impact of 
longer waiting times has been unclear [14], several stu- 
dies have reported deterioration in WOMAC pain and/ 
or physical function subscale scores among people wait- 
ing for joint replacement. While these changes have 
been statistically significant, the mean changes in 
WOMAC scores have tended to be small [9,10,13,16]. 
In contrast, an earlier Canadian study found no change 



in WOMAC scores over the waiting period [8]. Interest- 
ingly, the present cohort had worse baseline WOMAC 
pain and physical function subscale scores (data not 
shown) than reported for other cohorts [8,10,12,13] 
indicating greater initial morbidity. Previous studies 
investigating psychological wellbeing have produced 
conflicting results and are not directly comparable with 
the present study due to the different measures used. 
Kelly et al [8] reported improvements in SF-36 mental 
health and role emotional dimension scores for people 
awaiting TKR, while those awaiting THR did not 
change. In contrast, another study involving people wait- 
ing for THR found a small decline in SF-36 mental 
health scores [9]. More recently, McHugh et al [16] 
reported minimal deterioration in SF-36 mental health 
scores after 6 months of waiting for joint replacement, 
while role emotional scores improved. 

It is possible that health status and psychological dis- 
tress fluctuated over the waiting period, similar to the 
fluctuations in pain and physical function previously 
reported for this patient group [16]; however, our meth- 
odology allowed us to evaluate overall change only. Ide- 
ally, regular assessments (eg. 6 monthly) could be used 
to determine rate of change. Also, the present study was 
only conducted at one public hospital, although baseline 
HRQoL was comparable to that of people awaiting joint 
replacement at other large public hospitals in the state 
of Victoria (range of mean AQoL scores from five Vic- 
torian public hospitals = 0.33 to 0.39, Osborne et al, 
unpublished data). Another limitation reflecting the 'real 
world setting' of this study is the considerable number 
of participants who were not scheduled for surgery by 
the end of the 2.5 year data collection period (at the 
time of this study there was no standardised process at 
the study hospital for determining surgical priority and/ 
or exit from the waiting list). However, comparison of 
demographic and baseline data indicated that the study 
sample was representative of our overall cohort. 

Our use of transition questions to explore self-per- 
ceived change across a range of constructs was a novel 
approach in this field; however, these results should be 
interpreted cautiously as they rely on participant recall 
[37] and may be subject to bias including response shift 
[38]. It is unlikely; however, that participants reported 
worsening to receive earlier surgery as preadmission 
questionnaires were only administered once surgery was 
imminent. Floor or ceiling effects are also unlikely to 
have impacted on the findings as few participants 
reported minimum or maximum possible scores for any 
of the outcome measures (data not shown). It should be 
acknowledged that the present data are self-reported 
and further research involving performance-based mea- 
sures would provide additional information to improve 
our understanding of changes in physical function while 
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waiting for surgery. In this study, participants were 
asked to report their use of medications at each assess- 
ment; however, given the variability in the type (pre- 
scribed, over-the-counter and complementary) and 
dosages of medications reported, these data were not 
included in the analyses. Additionally, participants were 
asked to report the number of visits to a general practi- 
tioner, orthopaedic surgeon, rheumatologist or phy- 
siotherapist at baseline and preadmission; on average, 
there were few visits to any of these health professionals 
at either point (data not shown). However, it should be 
acknowledged that some participants did use medica- 
tions (such as paracetamol and non-steroidal anti- 
inflammatory drugs) and other conservative therapies 
and that the negative effects of waiting for surgery 
might be worse in the absence of any therapy. Finally, 
the results are also likely to represent a conservative 
estimate of deterioration given that only the distal por- 
tion of the entire waiting period was assessed (for exam- 
ple, time spent waiting for an initial consultation with 
an orthopaedic surgeon was not included) and pread- 
mission clinic dates were used to approximate the end 
of the waiting period. 

Despite these limitations, this study has informed 
aspects of local health policy and patient care. In the 
state of Victoria, Australia, the Victorian Government 
has implemented a program to improve the manage- 
ment and prioritisation of people referred to orthopae- 
dic waiting lists [39]. This program involved the 
development of a new surgical prioritisation tool (the 
Multi-Attribute Prioritisation Tool) [40] and service 
delivery model (the OA Hip and Knee Service) which 
are now being introduced into major public hospitals in 
several Australian states. As part of the new system, 
musculoskeletal co-ordinators periodically assess people 
awaiting joint replacement to identify deterioration (or 
improvement) and initiate appropriate services or fast- 
track surgery as required. Routine, effective prioritisation 
together with clinical assessment also ensures more 
timely and equitable access to surgery for those with the 
greatest need. 

Conclusions 

This research has revealed that more than half of those 
waiting for joint replacement experienced substantial 
deterioration in HRQoL. While there was little overall 
change in health status and psychological distress over 
the waiting period, most people perceived that other 
aspects of their wellbeing including pain, fatigue and 
confidence in managing their health had worsened while 
waiting. By highlighting the severe morbidity of this 
patient group and the need for periodic monitoring, this 
research has provided much-needed evidence to guide 



health professionals and policymakers in the develop- 
ment of care pathways and resource allocation. 

Acknowledgements 

The authors wish to thank Professor Richard de Steiger and the patients of 
the Royal Melbourne Hospital for their support of this research. We also wish 
to thank Professor Matthew Liang and Professor Ian Wicks for their 
constructive feedback on earlier versions of this manuscript. Dr Ackerman's 
work was supported in part by a Henry James Williams Postgraduate 
Scholarship from The University of Melbourne and a National Health and 
Medical Research Council of Australia Public Health (Australia) Training 
Fellowship (#520004). Professor Osborne's work was supported in part by a 
National Health and Medical Research Council of Australia Population Health 
Career Development Award (#400391). The funding bodies have had no 
involvement in the study design, the collection, analysis and interpretation 
of data, the writing of the manuscript or the decision to submit the 
manuscript for publication. 

Author details 

'Centre for Clinical Epidemiology, Biostatistics and Health Services Research, 
Department of Medicine (Royal Melbourne Hospital), The University of 
Melbourne, Parkville, Australia. 2 Centre for Health, Exercise and Sports 
Medicine, School of Physiotherapy, The University of Melbourne, Parkville, 
Australia. 3 Public Health Innovation, Population Health Strategic Research 
Centre, Deakin University, Burwood, Australia. 

Authors' contributions 

All authors contributed to the study design, interpretation of the results and 
drafting of the manuscript. Data collection and statistical analysis were 
undertaken by INA. All authors approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 6 December 2010 Accepted: 23 May 2011 
Published: 23 May 201 1 

References 

1. Australian Orthopaedic Association National Joint Replacement Registry: 
Annual report. Adelaide: Australian Orthopaedic Association; 2010. 

2. March LM, Bagga H: Epidemiology of osteoarthritis in Australia. Med J 
Aust 2004, 18056-S10. 

3. Australian Institute of Health and Welfare: Australian hospital statistics 
2006-2007. Canberra: Australian Institute of Health and Welfare; 2008. 

4. Canadian Health Services Research Foundation: A parallel private system 
would reduce waiting times in the public system. J Health Serv Res Policy 
2006, 11:253-254. 

5. Dixon T, Shaw M, Ebrahim S, Dieppe P: Trends in hip and knee joint 
replacement: socioeconomic inequalities and projections of need. Ann 

Rheum Dis 2004, 63:825-830. 

6. Ackerman IN, Graves SE, Wicks IP, Bennell KL, Osborne RH: Severely 
compromised quality of life in women and those of lower 
socioeconomic status waiting for joint replacement surgery. Arthritis Care 
Res 2005, 53:653-658. 

7. Desmeules F, Dionne CE, Belzile E, Bourbonnais R, Fremont P: Waiting for 
total knee replacement surgery: factors associated with pain, stiffness, 
function and quality of life. BMC Musculoskelet Disord 2009, 10:52. 

8. Kelly KD, Voaklander DC, Johnston DW, Newman SC, Suarez-Almazor ME: 
Change in pain and function while waiting for major joint arthroplasty. 
J Arthroplasty 2001, 16:351-359. 

9. Ostendorf M, Buskens E, van Stel H, Schrijvers A, Malting L, Dhert W, 
Verbout A: Waiting for total hip arthroplasty - Avoidable loss in quality 
time and preventable deterioration. J Arthroplasty 2004, 19:302-309. 

10. Fielden JM, Cumming JM, Home JG, Devane PA, Slack A, Gallagher LM: 
Waiting for hip arthroplasty: Economic costs and health outcomes. J 
Arthroplasty 2005, 20:990-997. 

11. Hirvonen J, Blom M, Tuominen U, Seitsalo S, Lehto M, Paavolainen P, 
Hietaniemi K, Rissanen P, Sintonen H: Health-Related Quality of Life in 



Ackerman ef al. BMC Musculoskeletal Disorders 201 1, 12:108 
http://www.biomedcentral.eom/1 471-2474/1 2/1 08 



Page 9 of 9 



12. 



13. 



16. 



17. 



19. 



20. 



22. 



23. 



24. 



25. 



26. 



27. 



28. 



29. 



30. 



32. 



33. 



patients waiting for major joint replacement: A comparison between 
patients and population controls. Health Qua! Life Outcomes 2006, 4:3. 
Kapstad H, Rust0en T, Hanestad BR, Moum T, Langeland N, Stavem K: 
Changes in pain, stiffness and physical function in patients with 
osteoarthritis waiting for hip or knee joint replacement surgery. 
Osteoarthritis Cartilage 2007, 15:837-843. 

Desmeules F, Dionne CE, Belzile E, Bourbonnais R, Fremont P: The burden 
of wait for knee replacement surgery: effects on pain, function and 
health-related quality of life at the time of surgery. Rheumatology 2010, 
49:945-954. 

Hoogeboom TJ, van den Ende CHM, van der Sluis G, Ellngs J, Dronkers JJ, 
Aiken AB, van Meeteren NLU: The impact of waiting for total joint 
replacement on pain and functional status: a systematic review. 

Osteoarthritis Cartilage 2009, 17:1420-1427. 

Bachrach-Lindstrom M, Karlsson S, Pettersson LG, Johansson T: Patients on 
the waiting list for total hip replacement: a 1-year follow-up study. 

Scand J Caring Sci 2008, 22:536-542. 

McHugh GA, Luker KA, Campbell M, Kay PR, Silman AJ: Pain, physical 
functioning and quality of life of individuals awaiting total joint 
replacement: a longitudinal study. J Eval Clin Pract 2008, 14:19-26. 
Fortln PR, Penrod JR, Clarke AE, St-Plerre Y, Joseph L, Belisle P, Liang MH, 
Ferland D, Phillips CB, Mahomed N, Tanzer M, Sledge C, Fossel AH, Katz JN: 
Timing of total joint replacement affects clinical outcomes among 
patients with osteoarthritis of the hip or knee. Arthritis Rheum 2002, 
46:3327-3330. 

Lingard EA, Riddle DL: Impact of psychological distress on pain and 
function following knee arthroplasty. J Bone Joint Surg 2007, 
89A:1 161-1 169. 

Hawthorne G, Richardson J, Osborne R: The Assessment of Quality of Life 
(AQoL) instrument: a psychometric measure of Health-Related Quality of 
Life. Qual Life Res 1999, 8:209-224. 

Osborne RH, Hawthorne G, Gray LC, Lew E: Quality of Life assessment in 
the community-dwelling elderly: Validation of the Assessment of Quality 
of Life (AQoL) instrument and comparison with the SF-36. J Clin 
Epidemiol 2003, 56:138-147. 

Whitfield K, Buchbinder R, Segal L, Osborne RH: Parsimonious and efficient 
assessment of Health-Related Quality of Life in osteoarthritis research: 
Validation of the Assessment of Quality of Life (AQoL) instrument. Health 
Qual Life Outcomes 2006, 4:19. 

McConnell S, Kolopack P, Davis AM: The Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC): A review of its utility and 
measurement properties. Arthritis Care Res 2001, 45:453-461. 
Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL, 
Walters EE, Zaslavsky AM: Short screening scales to monitor population 
prevalences and trends in non-specific psychological distress. Psychol 
Med 2002, 32:959-976. 

Andrews G, Slade T: Interpreting scores on the Kessler Psychological 
Distress Scale (K1 0). Aust NZJ Public Health 2001 , 25:494-497. 
Hawthorne G, Richardson J, Day N: Using the Assessment of Quality of 
Life (AQoL) Version 1. Melbourne: Centre for Health Program Evaluation; 
2001. 

Bellamy N: WOMAC Osteoarthritis Index. User guide IX. Brisbane: Australia; 
2009. 

Kazis LE, Anderson JJ, Meenan RF: Effect sizes for interpreting changes in 
health status. Med Care 1989, 27:5178-189. 

Hawthorne G, Osborne RH: Population norms and meaningful differences 
for the Assessment of Quality of Life (AQoL) measure. Aust NZJ Public 
Health 2005, 29:136-142. 

Angst F, Aeschlimann A, Michel BA, Stuckl G: Minimal clinically important 
rehabilitation effects in patients with osteoarthritis of the lower 
extremities. J Rheumatol 2002, 29:131-138. 

Morton V, Torgerson DJ: Regression to the mean: treatment effect 
without the intervention. J Eval Clin Pract 2005, 1 1:59-65. 
Australian Bureau of Statistics: National Health Survey: Summary of 

Results. Canberra: Australian Bureau of Statistics; 2001. 

Department of Human Services: Victorian Population Health Survey. 

Melbourne: Department of Human Services; 2002. 

Altman DG, Machin D, Bryant TN, Gardner MJ, (eds): Statistics with 

confidence. London: BMJ Books;, 2 2000. 



34. 



35. 



36. 



37. 



38. 



39. 



40. 



Ackerman IN, Graves SE, Bennell KL, Osborne RH: Evaluating quality of life 
in hip and knee replacement: Psychometric properties of the WHOQOL- 
BREF instrument. Arthritis Care Res 2006, 55:583-590. 
Fortin PR, Clarke AE, Joseph L, Liang MH, Tanzer M, Ferland D, Phillips C, 
Partridge AJ, Belisle P, Fossel AH, Mahomed N, Sledge CB, Katz JN: 
Outcomes of total hip and knee replacement. Pre-operative functional 
status predicts outcomes at six months after surgery. Arthritis Rheum 
1999, 42:1722-1728. 

Lingard EA, Katz JN, Wright EA, Sledge CB, the Kinemax Outcomes Group: 
Predicting the outcome of total knee arthroplasty. J Bone Joint Surg 2004, 
86A21 79-21 86. 

Lingard EA, Wright EA, Sledge CB: Pitfalls of using patient recall to derive 
preoperative status in outcome studies of total knee arthroplasty. J Bone 
Joint Surg 2001, 83A:1 149-1 1 56. 

Sprangers MA, Schwartz CE: Integrating response shift into health-related 
quality of life research: a theoretical model. Soc Sci Med 1999, 
48:1507-1515. 

Victorian Department of Health Osteoarthritis Hip and Knee Service. 

[http://www.health.vic.gov.au/oahks]. 

Witt J, Scott A, Osborne RH: Designing choice experiments with many 
attributes. An application to setting priorities for orthopaedic waiting 
lists. Health Econ 2009, 18:681-696. 



Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.com/1471-2474/12/108/prepub 



doi:10.1 186/1471-2474-12-108 

Cite this article as: Ackerman et al:. Decline in Health-Related Quality of 
Life reported by more than half of those waiting for joint replacement 
surgery: a prospective cohort study. BMC Musculoskeletal Disorders 201 1 
12:108. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



BioMed Central 



